Composite materials have been used in considerable industrial applications due to their light weight and high strength. However, the machining costs of these materials may reach high and the grinding of these materials is much more susceptible to surface damage as compared to metals. Hence optimization of machining parameters is vital to achieve high performance in ELID grinding process. In this present work, the Design of Experiments (DOE) technique is being developed for five factors at three levels. Experiments have been conducted for measuring surface roughness, hardness, metal removal rate, normal force and tangential force based on the DOE technique in an ELID grinding machine using a cubic boron nitride wheel. A grey relation grade obtained from the grey relation analysis is used as the performance characteristic in this approach. The optimized machine parameter settings clearly improved the quality characteristics of grinding process compared to quality levels achieved for conventional machine parameter settings.
INTRODUCTION
Metal grinding process has been one of the major manufacturing processes for centuries. In recent years, application of composite materials has increased significantly due to their light weight ratio and better mechanical properties [1] . Grinding composite materials using conventional surface grinding process shows poor surface finish and accuracy [2] .
To obtain better surface finish ELID grinding technique is being adopted. A good understanding of the relationship between the work materials, cutting tool materials, cutting conditions and the process parameter is an essential requirement for the optimization of the grinding process [3] [4] [5] . ELID successfully assisted during grinding of brittle materials (BK-7 glass, and fused silica, ceramics, hard steels, ceramic coatings, etc.), having various shapes (plane, cylindrical external and internal, spherical and aspherical lenses, etc.) and dimensions [6] . More work have been carried out to determine the effect of ELID grinding in ductile mode on brittle materials that decreases the surface fracture and fragmentation and enables higher material removal rate [7] .
Process optimization has also been studied extensively for various manufacturing processes including grinding [8, 9] . The Grey analysis was first proposed by Dr. Deng in 1982 to fulfill the crucial mathematical criteria for dealing with poor, incomplete, and uncertain system [10, 11] .The grey relational analysis based on the grey system theory can be used to solve complicated inter-relationships among multiple performance characteristics effectively [12] . 
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This research aims at the problems related to surface finish in grinding composite materials. It is shown that the proposed method can greatly reduce the strain in the optimization procedure. Furthermore, the results of the confirmation experiments reveal that the obtained optimal combination of the grinding parameters can effectively improve surface finish and metal removal rate.
ELID GRINDING MECHANISM
The mechanism of ELID grinding for a metal bonded diamond wheel is shown in Figure 1 . After truing, the grains and bonding material of the wheel surface are flattened. It is necessary for the trued wheel to be electrically pre dressed to protrude the grains on the wheel surface. When pre-dressing starts [ Figure 1(a) ], the bonding material flows out from the grinding wheel and an insulating layer composed of oxidized bonding material is formed on the wheel surface [ Figure 1(b) ]. This insulating layer reduces the electrical conductivity of the wheel surface and excessive flow-out of the bonding material from the wheel. As grinding, begins [ Figure 1 (c)] diamond grains wear out and the layer also becomes worn out [ Figure 1(d) ], as a result of which the electrical conductivity of the wheel surface increases and the electrolytic dressing starts with the flow-out of bonding material from the grinding wheel. The protrusion of diamond grains from the grinding wheel therefore remains constant. This cycle is repeated during the grinding process to achieve stable grinding. The experimental set is shown in Figure 2 . The experiment was carried out on a precision surface grinding machine. An electrode made of copper, covering 1/6 of the perimeter of the grinding wheel, was used. The metal bonded cubic boron nitride wheel was mounted on a horizontal spindle and the gap between the grinding wheel and the copper electrode was adjusted to 0.2 mm. The carbon brush was made in such a way to have smooth contact with the grinding wheel shaft. The dynamometer, vice and the work piece assembly were fixed on the machine table. An electric current in the form of a square pulse wave was supplied from the ELID power supply to the positive and negative poles. A standard coolant namely CG-7 was prepared with ordinary tap water in a ratio of 1:50 and used as electrolyte and coolant for the experiment. Electrolyte was applied in between the grinding wheel and the electrode to start the electrolysis.
The experiment was performed on Al-10%SiCP composites, to study the metal removal rate, surface roughness and hardness. The normal force and tangential force were observed using a digital dynamometer. The surface roughness was measured with a Mitutoyo surftest. The micro hardness was measured using a Vickers micro hardness tester.
Design of experiment
In this experiment with five factors at two levels each, the fractional factorial design used is a standard L18 orthogonal array [13] . This orthogonal array is chosen due to its capability to check the interactions among factors. Each row of the matrix represents one trial. However, the sequence in which these trials are carried out is randomized. The factors and levels are assigned as in Table I . The experimental result for the machining parameters using the L18 orthogonal array is shown in Table II . 
GREY RELATION ANALYSIS

Grey relation
Though the Grey relation analysis was first proposed many decades ago, it has been extensively applied only during the last decade. Grey relation analysis has been applied in evaluating the performance of a complex project with meager information. However, data to be used in Grey relation analysis must be preprocessed into quantitative indices for normalizing raw data for another analysis [14] .
Generation of Grey relation
Under the principle of series comparability, to achieve the purpose of Grey relational analysis, we should perform data processing. This processing is called generation of Grey relation or standard processing. They are described as follows:
1. If the expected data sequence is of the form "the-higher-the-better", then the original sequence can be normalized as However, when the demanded value becomes the expected value in the analysis, the original sequence can be normalized as following to achieve the destination as close as possible: The Grey relational coefficients are calculated to express the relationship between the ideal (best = 1) and the actual experimental results. Let X 0 be reference series X 0 = {X 0 (1), X 0 (2)… X 0 (n)} And X i the compared series
Computing the grey relational coefficient
Assume ∆ 0i (k) is the difference between X 0 (k) and X i (k)
and there are
Thus the grey relation coefficient is calculated as:
The grey relation coefficient of surface roughness, hardness, metal removal rate, normal force and tangential force are shown in Table IV .
Computing the Grey relational grades
The relation grade for each comparative series is determined by taking an average of the grey relation coefficient of each individual event. The grey relation grade can be expressed by:
Where n is the number of process responses. The results of the Grey relational grade are tabulated in Table V . The mean of the Grey relational grade for each level of the machining parameter can be calculated by taking an average of the Grey relational grade. In additional, the total mean of the grey relational grade for the eighteen experiments is also calculated and shown in Table VI Figure 3 shows the grey relational grade graph, in which the dotted line is the value of the total mean of the grey relational grade. Basically, higher the grey relational grade, better are the multiple performance characteristics. However, the relative importance among the grinding process parameters for the multiple performance characteristics still needs to be known in order to determine more accurately, the optimal combinations of the grinding process parameter levels. The optimal grinding process parameters are no of pass at level 1, work speed at level 3, depth of cut at level 1, voltage at level 3 and current duty ratio at level 3.
Analysis of variance
The purpose of the ANOVA is to investigate as to which of the grinding process parameters significantly affects the performance characteristics. This is accomplished by separating the total variability of the grey relational grades, which is measured by the sum of the squared deviations from the total mean of the grey relational grade, into contributions by each grinding process parameter and the error. In addition, the F-test named after Fisher [15] can also be used to determine which of the grinding process parameters have a significant effect on the performance characteristic. Table VII shows the results of ANOVA, which indicate that current duty ratio, voltage and work speed are the significant parameters for affecting the multi response characteristics. The current duty ratio influence is higher of 25.43% when compared with other parameters. The effect of no of pass and depth of cut are negligible.
Confirmation test
The estimated Grey relational grade ˆα using the optimal level of the machining parameters can be calculated as:
where m  is the total mean of the Grey relational grade, i  is the mean of the Grey relational grade at the optimal level and q is the number of the machining parameters that significantly affect the multiple response characteristics.
Based on equation 6 the estimated Grey relational grade using the optimal machining parameters can be found. Table VIII shows the predicted and experimental data which shows an improvement in Grey relational grade of 0.8174. 
CONCLUSION
Orthogonal array with Grey relational analysis was employed to optimize the multi response characteristics of ELID grinding process of Al-10%SiCP composites. The experimental result of the optimal setting shows that there is considerable improvement in the process such as surface roughness, metal removal rate and hardness. The application of this technique converts the complicated multi response process into a single response Grey relational grade and, therefore, simplifies the optimization procedure.
